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(57) Disclosed are a method and apparatus for > feQr- 
recting a full-line printhead, which has a high printing 
quality, at a high yield, as well as a printhead corrected 
by this apparatus and a printer using this printhead. 
Monitoring units are provided to monitor an offset in con- 
nections of heater boards connected by board arraying 
unit, a variation in the diameters, grooves and shapes 
of nozzles formed by a top-board machining unit which 
machines the top board, an offset in bonding between 
a base plate and the top board performed by a top-board 
bonding unit, a variation in the resistance value of each 
printing element measured by an electrical-characteris- 
tic measuring unit, an unevenness of pixels printed by 
each of the printing elements inspected by a print in- 
spection unit. Correction data is generated upon taking 
into account the degree of influence which these factors 
exert upon the printhead, and the correction data is writ- 
ten in an EEPROM provided within the printhead. 
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Description 

BACKGROUND OF THE INVENTION 

This invention relates to a method and apparatus 
lor correcting a printhead, a printhead corrected by this 
apparatus, and a printer using this printhead. More par- 
ticularly, the invention relates to a method and appara- 
tus for correcting, by way of example, a full-line print- 
head equipped with a plurality of print elements corre- 
sponding to the printing width ot a recording medium, a 
printhead corrected by this apparatus, and a printer us- 
in^ this printhead. 

A printer or the printing section of a copying ma- 
chine or facsimile machine is so adapted as to print an 
image which comprises a dot pattern, on a recording 
medium such as a paper, a thin plastic sheet or fabric 
based upon image information. 

Among these printing apparatus, those which are 
the focus of attention because of their low cost are 
mounted with printheads that rely upon the ink-jet meth- 
od, tne thermosensitive-transfer method or the LED 
method, etc.. in which a plurality of printing elements 
corresponding to dots are arrayed on a base. 

In a printhead in which these printing elements arc 
arrayod to correspond to a certain printing width, the 
printing elements can be formed through a process sim- 
ilar to a semiconductor manufacturing process. Accord- 
ingly a transition is now being made from a configura- 
tion in which the printhead and driving integrated circuit- 
ry are arranged separately of each other toan integrated 
assembled configuration in which the driving integrated 
circuitry is structurally integrated within the same base 
on which the printing elements are arrayed. As a result, 
complicated circuitry involved in driving the printhead 
can be avoided and the printing apparatus can be re- 
duced in size and cost. 

Among these types of printing methods, the ink-jet 
printing method is particularly advantageous. Specifi- 
cally, according to this method, thermal energy is made 
to act upon ink and the ink is discharged by utilizing the 
pressure produced by thermal expansion. This method 
is advantageous in that the response to a printing signal 
;s good and it is easy to group the orifices close together 
at a high density. There are greater expectations for this 
method in comparison with the other methods. 

When the printhead is manufactured by applying a 
semiconductor manufacturing process and, in particu- 
lar, when numerous printing elements that are to be 
made to correspond to the printing width are arrayed 
ovqr the entire area of a base, it is very difficult to man- 
ufacture all of the printing elements without any defects. 
As a consequence, the manufacturing yield of the proc- 
ess for manufacturing the printhead is poor and this is 
accompanied by higher cost. There are occasions 
where such a printhead cannot be put into practical use 
because of the costs involved. 

Accordingly, methods of obtaining a full-line print- 


head have been disclosed in the specifications of Jap- 
anese Patent Application Laid-Open (KOKAI) Nos. 
55-132253, 2-2009. 4-229278, 4-232749 and 5-24192 
and in the specification of USP 5,016,023. According to 

s these methods, a number of high-yield printheads each 
having an array of printing elements of a comparatively 
small number of orifices, e.g., 32, 48, 64 or 128 printing 
elements, are placed upon (or upon/below) a single 
base at a high precision in conformity with the density 

10 of the array of printing elements, thereby providing a full- 
line printhead whose length corresponds to the neces- 
sary printing width. 

It has recently become possible on the basis of this 
technique to simply manufacture a full-line printhead by 

is arraying printing elements of a comparatively small 
number (e.g., 64 or 128) of orifices on bases (also re- 
ferred to as "printing units") and bonding these printing 
units in a row on a base plate in highly precise fashion 
over a length corresponding to the necessary printing 

20 width. 

Though it has thus become easy to manufacture a 
full-line printhead, certain performance-related prob- 
lems remain with regard to a printhead manufactured by 
the foregoing manufacturing method. For example, a 

25 decline in printing quality, such as density unevenness, 
cannot be avoided. The cause is a variation in perform- 
ance from one printing unit (base) to another in the row 
of such printing units, a variation in the performance of 
neighboring printing elements between the arrayed 

30 printing units and heat retained in each driving block at 
the time of recording. 

In particular, in the case of an ink-jet printhead, not 
only a variation in the neighboring printing elements be- 
tween the arrayed printing units but also a decline in ink 

35 fluidity owing to the gaps between printing units results 
in lower yield in the final stage of the printhead manu- 
facturing process. For this reason, the state of the art is 
such that these printheads are not readily available on 
the market in large quantities regardless of the fact 

40 these printheads exhibit highly satisfactory capabilities. 

SUMMARY OF THE INVENTION 

Accordingly, an object of the present invention is to 
45 provide an apparatus and method for correcting a man- 
ufactured printhead in order to supply a printhead at a 
high yield : which printhead is capable of performing 
high-quality printing. 

According to one aspect of the present invention, 
50 the foregoing object is attained by providing an appara- 
tus for correcting a printing characteristic of a printhead 
having memory means for storing data, the printhead 
being manufactured by arraying means for arraying and 
connecting N-number of circuit boards, each of which 
55 has M-number of printing elements in a predetermined 
direction, in the predetermined direction, machining 
means for machining a top board covering the M x N - 
number of printing elements connected by the arraying 
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means, and bonding means for bonding the machined 
top board and the connected M x N - number of printing 
elements, the apparatus comprising: measuring means 
for measuring electrical characteristics of the M x N - 
number of printing elements, of a unit of the printhead, 
bonded by the bonding means; inspecting means for 
driving the unit of the printhead to experimentally print 
a test pattern on a recording medium, reading the print- 
ed test pattern and inspecting unevenness in printing 
performed by each of the M X N - number of printing 
elements; monitor means for monitoring an offset in the 
connections made by the arraying means, a variation in 
the machining of the top board by the machining means, 
an offset in the bonding performed by the bonding 
means, a deviation in the electrical characteristics of the 
M x N - number of printing elements measured by the 
measuring means, and unevenness in printing per- 
formed by the M x N - number of printing elements in- 
spected by the inspecting means; correction-data gen- 
erating means for quantifying the factors monitored by 
the monitor means, summing the quantified factors 
upon weighting them while taking into account the mag- 
nitude of their influence upon printing quality of the print- 
head, and, on the basis of the sum obtained, generating 
correction data for correcting printing unevenness of 
each of the M x N - number of printing elements; and 
writing means for writing the correction data in the mem- 
ory means of the printhead. 

According to another aspect of the invention, the 
foregoing object is attained by providing a method of 
correcting a printing characteristic of a manufactured 
printhead having N-n umber of circuit boards, each of 
which has M-numberof printing elements in a predeter- 
mined direction, arrayed in the predetermined direction, 
and a memory for storing information, the method com- 
prising: an arraying step of arraying and connecting the 
N-number of circuit boards; a machining step of machin- 
ing a top board covering M X N - number of printing el- 
ements connected in the arraying step; a bonding step 
of bonding the machined top board and the connected 
M x N - number of printing elements; a measuring step 
of measuring electrical characteristics of the M x N - 
number of printing elements, of a unit of the printhead, 
bonded in the bonding step; an inspecting step of driving 
the unit of the printhead to experimentally print a test 
pattern on a recording medium, reading the printed test 
pattern and inspecting a variation in printing performed 
by each of the M x N - number of printing elements; a 
monitoring step of monitoring an offset in the connec- 
tions made in the arraying step, a variation in the ma- 
chining of the top board in the machining step, an offset 
in the bonding performed in the bonding step, a devia- 
tion in the electrical characteristics of the M x N - 
number of printing elements measured in the measuring 
step, and unevenness in printing performed by the M x 
N - number of printing elements inspected in the inspect- 
ing step; a correction-data generating step of quantify- 
ing the factors monitored in the monitor step, summing 


the quantified factors upon weighting them while taking 
into account the magnitude of their influence upon print- 
ing quality of the printhead, and, on the basis of the sum 
obtained, generating correction data for correcting print- 

5 ing unevenness of each of the M x N - number of print- 
ing elements; and a writing step of writing the correction 
data in the memory of the printhead. 

According to still another aspect of the invention, 
the foregoing object is attained by providing a method 

io of correcting a printing characteristic of a printhead hav- 
ing memory means capable of storing data, the print- 
head being manufactured by arraying and connecting 
N-number of circuit boards, each of which has re- 
number of printing elements in a predetermined direc- 

15 tion, in the predetermined direction, machining a top 
board covering the connected M X N - number of print- 
ing elements, and bonding the machined top board and 
the connected M x N - number of printing elements, the 
method comprising: a monitoring step of monitoring at 

20 least one of an offset in the circuit boards, a variation in 
the machining of the top board, an offset in the bonding 
of the printing elements and the top board, a deviation 
in the electrical characteristics of the M x N - number 
of printing elements, and unevenness in printing per- 

25 formed by the M x N - number of printing elements; a 
correction -data generating step of quantifying at least 
one of the factors monitored in the monitor step, sum- 
ming the at least one quantified factor upon weighting it 
while taking into account the magnitude of its influence 

30 upon printing quality of the printhead, and, on the basis 
of the sum obtained, generating correction data for cor- 
recting printing unevenness of each of the M X N - 
number of printing elements; and a writing step of writing 
the correction data in the memory means of the print- 

35 head. 

According to still another aspect of the invention, 
the foregoing object is attained by providing an appara- 
tus for correcting a printing characteristic of a printhead 
having a memory for storing data, the printhead being 

40 manufactured by arraying and connecting N-number of 
circuit boards, each of which has M-number of printing 
elements in a predetermined direction, in the predeter- 
mined direction, machining a top board covering the 
connected M x N - number of printing elements, and 

45 bonding the machined top board and the connected M 
x N - number of printing elements, the apparatus com- 
prising: monitor means for monitoring at least one of an 
offset in the circuit boards, a variation in the machining 
of the top board, an offset in the bonding of the printing 

50 elements and the top board, a deviation in the electrical 
characteristics of the M x N - number of printing ele- 
ments, and unevenness in printing performed by the M 
x N - number of printing elements; correction-data gen- 
erating means for quantifying at least one of the factors 

55 monitored by the monitor means, summing the at least 
one quantified factor upon weighting it while taking into 
account the magnitude of its influence upon printing 
quality of the printhead, and, on the basis of the sum 
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obtained, generating correction data for correcting print- 
ing unevenness of each of the M X N - number of print- 
ing elements; and writing means for writing the correc- 
tion data in the memory of the printhead. 

In accordance with the invention as described 5 
above, a correction is applied to a printhead having 
memory means for storing data is manufactured by ar- 
raying means for arraying and connecting N-number of 
circuit boards s each of which has M-number of printing 
elements in a predetermined direction, in the predeter- io 
mined direction, machining means for machining a top 
board covering the M x N - number of printing elements 
connected by the arraying means, and bonding means 
for bonding the machined top board and the connected 
M x N - number of printing elements. When this correc- is 
tion is made, the electrical characteristics of the bonded 
M x N - number of printing elements of a unit of the 
printhead are measured, the unit of the printhead is driv- 
en to experimentally print a test pattern on a recording 
medium, the printed test pattern is read and a variation 20 
in printing performed by each of the M x N - number of 
printing elements is inspected. 

At this time : an offset in the connections of the circuit 
boards, a variation in the machining of the top board, an 
offset in the bonding of the machined top board and con- 2s 
nected circuit boards, a deviation in the measured elec- 
trical characteristics of the M x N - number of printing 
elements, and the inspected unevenness in printing per- 
formed by the M x N - number of printing elements are 
monitored. These factors monitored by the monitor 30 
means are quantified, and the quantified factors are 
summed upon weighting them while taking into account 
the magnitude of their influence upon the printing quality 
of the printhead. On the basis of the sum obtained, cor- 
rection data for correcting the printing unevenness of 35 
each of the M x N - number of printing elements is gen- 
erated and the correction data is written in the memory 
means of the printhead. 

Alternatively, a correction is applied to a printhead 
having memory means for storing data is manufactured *o 
by arraying and connecting N-number of circuit boards, 
each of which has M-number of printing elements in a 
predetermined direction, in the predetermined direction, 
machining a covering the connected M x N - number of 
printing elements, and bonding the machined top board *s 
and the connected M x N - number of printing elements. 
When this correction is made, at least one of an offset 
in the conneclions of the circuit boards, a variation in 
the machining of the top board, an offset in the bonding 
of the machined top board and connected circuit boards, so 
a deviation in the measured electrical characteristics of 
the M x N - number of printing elements, and the in- 
spected unevenness in printing performed by the M X 
N - number of printing elements is monitored. At least 
one of the factors monitored by the monitor is quantified, ss 
and the quantified factor is summed upon weighting it 
while taking into account the magnitude of its influence 
upon the printing quality of the printhead. On the basis 


of the sum obtained, correction data for correcting the 
printing unevenness of each of the M x N - number of 
printing elements is generated and the correction data 
is written in the memory means of the printhead. 

Another object of the present invention is to provide 
the above-mentioned corrected printhead and a printer 
using the printhead. 

According to one aspect of the invention, the fore- 
going object is attained by providing a printhead correct- 
ed by the above-described printhead correcting appa- 
ratus. 

According to another aspect of the invention, the 
foregoing object is attained by providing a printer using 
the above-described printhead, comprising: receiving 
means for receiving the correction data from the print- 
head; control means which, on the basis of the correc- 
tion data, generates a control signal for controlling op- 
eration of said drive means in such a manner that the 
plurality of printing elements form uniform pixels; and 
transmitting means for transmitting the control signal to 
the printhead. 

In accordance with the invention as described 
above, the printer using the printhead corrected as set 
forth above is such that the correction data that has been 
stored in the memory means of the printhead is re- 
ceived, a control signal is generated on the basis of the 
correction data to control the operation of the drive 
means, with which the printhead is provided, in such a 
manner that M x N - number of printing elements of the 
printhead form uniform pixels, and the control signal is 
sent to the printhead. 

The invention is particularly advantageous since 
the process for correcting the printhead is kept simple 
and the means for correcting the variation in density per 
M x N - number of printing elements at the correction 
phase of head manufacture is incorporated within the 
printhead. This makes it possible to reduce a variation 
in quality of manufacture from one printhead to another 
and to manufacture and correct a printhead which per- 
forms high-quality printing. 

This contributes to an improvement in yield in the 
printhead manufacturing process. As a result, a print- 
head capable of high-quality printing can be placed on 
the market at low cost. 

Furthermore, in accordance with the present inven- 
tion, the printer using the printhead corrected as set forth 
above is such that drive of the printhead is carried out, 
based upon the correction data that has been stored in 
the memory means of the printhead, in such a manner 
that M x N - number of printing elements of the print- 
head form uniform pixels. As a result, it is possible to 
perform high-quality printing that is independent of a 
variation in the quality of printhead manufacture. 

Other features and advantages of the present in- 
vention will be apparent from the following description 
taken in conjunction with the accompanying drawings, 
in which like reference characters designate the same 
or similar parts throughout the figures thereof. 
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BRIEF DESCRIPTION OF THE DRAWINGS <Overview of the apparatus> 


The accompanying drawings, which are incorporat- 
ed in and constitute a part of the specification, illustrate 
embodiments of the invention and, together with the de- $ 
scription, serve to explain the principles of the invention. 

Fig. 1 is a general view of a full-line ink-jet printer, 
which is a typical embodiment of the present inven- 
tion: 

Fig. 2 is a block diagram showing a control config- 
uration for executing control of printing in the ink-jet 
printer; 

Fig. 3 is an exploded perspective view for describ- 
ing the construction of a printhead according to the 
present invention; 

Fig. 4 is a detailed view showing heater boards 
arranged side by side; 

Figs. 5A, 5B. 5C and 5D illustrate the shape of a 
grooved member; 

Fig. 6 is a diagram showing the grooved member 
and heater boards in a fixed state; 
Fig. 7 is a diagram showing an example of the circuit 
arrangement of a drive circuit provided on the 
heater board for the printhead; 
Fig. 8 is a block diagram showing a multiple-nozzle 
head constituted by an array of a plurality of heater 
boards; 

Fig. 9 is a diagram showing an example of control 
of driving current waveforms for driving the printing 
elements; 

Fig. 10 is a block diagram schematically showing 
an apparatus for correcting a printhead; 
Figs. 11 A, 11 B and 11 C are diagrams illustrating 
various examples of array errors that result when 
boards are arrayed; 

Figs. 1 2A and 1 2B are diagrams illustrating various 
examples of manufacturing errors that accompany 
the forming of a grooved member; 
Figs. 1 3A and 1 3B are diagrams illustrating various 
examples of manufacturing errors that accompany 
the forming of nozzle holes; 

Figs. 14Aand 14B are diagrams illustrating various 
examples of manufacturing errors that accompany 
the bonding of grooved members; and 
Fig. 15 is a diagram showing the manner in which 
the electrical characteristics of a printhead are 
measured. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Preferred embodiments of the present invention will 
now be described in detail in accordance with the ac- 
companying drawings. 


Fig. 1 is an external perspective view showing the 
principal portions of an ink-jet printer IJRA, which is a 
typical embodiment of the present invention. As shown 
in Fig. 1 , the printer has a printhead (a full-length multi- 
ple printhead) IJH arranged along a range of full width 
of recording paper (a continuous sheet) P. The printhead 
IJH discharges ink over a range extending across the 
full width of the recording paper P. The ink is discharged 
toward the recording paper P from an orifice IT of the 
printhead at a prescribed timing. 

In this embodiment, the continuous sheet of folda- 
ble recording paper P is conveyed in the direction VS in 
Fig. 1 by driving a conveying motor under the control of 
a control circuit, described below. An image is printed 
on the recording paper. The printer in Fig. 1 further in- 
cludes sheet feeding rollers 5018 and discharge rollers 
5019. The discharge rollers 5019 cooperate with the 
sheet feeding rollers 5018 to hold the continuous sheel 
of recording paper P at the printing position and operate 
in association with the sheet feeding rollers 501 8, which 
are driven by a drive motor (not shown), to feed the re- 
cording paper P in the direction of arrow VS. 

Fig. 2 is a block diagram illustrating the construction 
of the control circuit of the ink-jet printer. Shown in Fig. 
2 are an interface 1 700 for entering a printing signal from 
an external device such as a host computer, an MPU 
1701 , a ROM 1702 for storing a control program (inclu- 
sive of character fonts as necessary) executed by the 
MPU 1 701 , a DRAM 1 703 for temporarily saving various 
data (the above-mentioned printing signal and printing 
data that is supplied to the printhead), and a gate array 
(G.A.) 1704 for controlling supply of printing data to the 
printhead IJH. The gate array 1704 also controls trans- 
fer of data among the interface 1700, MPU 1701 and 
RAM 1703. Also shown are a conveyance motor 1708 
for conveying recording paper (the continuous sheet in 
this embodiment), a head driver 1705 for driving the 
printhead, and a motor driver 1706 for driving the con- 
veyance motor 1708. 

As for the general operation of the above-men- 
tioned control circuit, the printing signal enters the inter- 
face 1700, whereupon the printing signal is converted 
to printing data for printing between the gate array 1 704 
and MPU 1701. The motor driver 1706 is driven into op- 
eration and the printhead IJH is driven in accordance 
with the printing data sent to the head driver 1 705. As a 
result, a printing operation is carried out. 

Numeral 1711 denotes a signal line for monitoring 
sensors (e.g., a heating-resistor sensor 314 and a tem- 
perature sensor 31 5, which are shown in Fig. 1 1 ) of each 
board, and for transmitting correction data from a mem- 
ory 13 (described later) storing correction data which 
corrects for a variation in each board (heater board 
1000, described later) provided within the printhead IJH. 
Numeral 1712 denotes a signal line for carrying preheat- 
ing pulses, latch signals and heating pulses. On the ba- 
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sis of the correction data from the memory 13 such as 
an EEPROM of a printhead shown in Fig. 10 in the print- 
head UH, the MPU 1701 sends the printhead IJH a con- 
trol signal via the signal line 1712 in such a manner that 
the boards are capable of forming uniform pixels. 

Fig. 3 is an exploded perspective view for describ- 
ing the construction of the printhead of this embodiment. 
In this example, a case is described in which the printing 
elements are elements for generating ink-discharge en- 
ergy used to jet ink. (In a bubble-jet printing method, 
each element comprises a pair of electrodes and a heat- 
ing resistor element provided between these elec- 
trodes). 

I n accordance with the method described below, the 
full-line printhead, which is faultlessly fabricated over its 
entire width by a conventional photolithographic proc- 
ess or the like, is obtained at a very high yield. Moreover, 
a single, unitary grooved member having a plurality of 
ink discharge orifices formed in one end and a plurality 
of grooves connected to these orifices and formed in the 
grooved member from one end to the other is joined to 
this printhead in such a manner that the grooves are 
closed by the boards, whereby a full-line, ink-jet print- 
head unit can be corrected in a very simple manner. 

The ink-jet printhead described in this embodiment 
has ink discharge orifices at a density of 360 dpi (70.5 
um), the number of nozzles thereof being 3008 (for a 
printing width of 212 mm). 

In Fig. 3, the board (hereinafter referred to as a 
heater board) 1000 has 128 discharge-energy generat- 
ing devices 1010 arranged at prescribed positions at a 
density of 360 dpi. Each heater board 1000 is provided 
with a signal pad to drive the discharge-energy gener- 
ating devices 1010 at any timing by externally applied 
electric signals, and with a power pad 1 020 for supplying 
an electric power for the driving. 

The row of the heater boards 1 000 is fixedly bonded 
by a bonding agent to the surface of a base plate 3000 
made of a material such as metal or ceramic. 

Fig. 4 is a detailed view showing the heater boards 
1000 in the arrayed state. The heater boards are fixedly 
bonded to a prescribed location on the base plate 3000 
by a bonding agent 3010 applied to a prescribed thick- 
ness. At this time each heater board 1000 is fixedly 
bonded in precise fashion in such a manner that the 
spacing or pitch between the discharge-energy gener- 
ating devices 1010 situated at the respective edges of 
two mutually adjacent heater boards will be equal to the 
spacing or pitch P (= 70.5 u.m) of the discharge-energy 
generating devices 1010 on each heater board 1000. 
Further, the gaps produced between adjacent heater 
boards 1000 are filled and sealed by a sealant 3020. 

With reference again to Fig. 3, a wiring board 4000 
is fixedly bonded to the base plate 3000 in the same 
manner as the heater boards. At this time the wiring 
board 4000 is bonded to the base plate 3000 in a state 
in which the pads 1020 on the heater boards 1000 are 
in close proximity to signal-power supply pads 401 0 pro- 


10 

vided on the wiring board 4000. A connector 4020 for 
receiving a printing signal and driving power from the 
outside is provided on the wiring board 4000. 

A grooved member 2000 will now be described. 

Figs. 5A ~~ 5D are diagrams showing the shape of 
the grooved member 2000. Fig. 5A is a front view in 
which the grooved member 2000 is seen from the front, 
Fig. 5B a top view in which Fig. 5A is seen from the top, 
Fig. 5C a bottom view in which Fig. 5A is seen from the 
bottom, and Fig. 5D a sectional view taken along line X- 
X of Fig. 5A. 

In Figs. 5A — 5D, the grooved member 2000 is 
shown to have a flow pass 2020 provided to correspond 
to each discharge-energy generating element 1010 pro- 
vided in the heater board 1000, an orifice 2030 corre- 
sponding to each flow pass 2020 and communicating 
with the flow pass 2020 for discharging ink toward the 
recording medium, a liquid chamber 2010 communicat- 
ing with each flow pass 2020 in order to supply it with 
ink, and an ink supply port 2040 for feeding ink, which 
has been supplied from an ink tank (not shown), to the 
liquid chamber 2010. The grooved member 2000 natu- 
rally is formed to have a length large enough to substan- 
tially cover the row of discharge-energy generating de- 
vices arranged by lining up a plurality of the heater 
boards 1000. 

With reference again to Fig. 3, the grooved member 
2000 is joined to the heater boards 1000 in a state in 
which the positions of the flow pass 2020 of the grooved 
member 2000 are made to exactly coincide with the po- 
sitions of the discharge-energy generating elements 
(heaters) 1010 on the heater boards 1000 arranged in 
a row on the base plate 3000. 

Conceivable methods of joining the grooved mem- 
ber 2000 are a method in which the top board is pushed 
in mechanically using springs or the like, a method in 
which the grooved member 2000 is fixed by a bonding 
agent, and a method which is a combination of these 
methods. 

The grooved member 2000 and each of the heater 
boards 1000 are secured in the relationship shown in 
Fig. 6 by any of these methods. 

The grooved member 2000 described above can be 
manufactured using well-known methods such as ma- 
chining by cutting, a molding method, casting or a meth- 
od relying upon photolithography. 

Fig. 7 shows an example of drive circuitry provided 
on the heater board 1000 of the printhead. Numeral 100 
denotes a base, 101 a logic block for selecting preheat- 
ing pulses, 303 a latch for temporarily storing image da- 
ta, 102 a selection-data saving latch, having the same 
circuit arrangement as the latch 303, for selecting pre- 
heating pulses, and 103 an OR gate for taking the OR 
of heating pulses and preheating pulses. 

The operation of this drive circuitry will now be de- 
scribed in line with a driving sequence. 

After power is introduced from a logic power source 
309, preheating pulses are selected dependence upon 
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the characteristic of the amount of ink discharged (per 
application of a pulse at a fixed temperature). The char- 
acteristic is measured in advance. Data of each nozzle 
for selecting the preheating pulses in dependence upon 
the aforesaid characteristic is saved in the selection- 
data saving latch 102 using a shift register 304 for en- 
tering image data serially. Since shared use is made of 
the shift register 304 for entering image data, it will suf- 
fice merely to increase the number of latch circuits and 
latch the outputs of the shift register 304 as input signals 
in parallel fashion, as shown at points a in Fig. 7. This 
makes it possible to prevent an increase in the surface 
area of the elements other than that of the latch circuits. 
Further, in a case where the number of preheating puls- 
es is increased and the number of bits necessary for 
selection of the number of pulses surpasses the number 
of bits of the shift register 304, this can readily be dealt 
with if the latch 1 02 is made plural in number and a latch- 
clock input terminal 108 which decides latching is made 
plural in number, as shown al 108a~ 108h. It will suffice 
if the saving of data for selection of the preheating puls- 
es is performed one time, such as when the printer is 
started up. The image-data transfer sequence will be 
performed exactly the same as conventionally even if 
this function is incorporated. 

Entry of heating signals will now be described as a 
sequence with follows completion of the storing of saved 
data, representing the amount of ink discharge, for se- 
lection of preheating pulses. 

A characterizing feature of this board is that a heat- 
ing input terminal 106 and a plurality of preheating input 
terminals 107a— 107h, which are used for changing the 
amount of ink discharged, are separately provided. 
First, a signal from the heating-resistor monitor 314 is 
fed back and a heating signal having a pulse width of 
an energy suited to discharge of ink in dependence upon 
the value of feedback is applied to the heating input ter- 
minal 106 from the side of the printing apparatus. Next, 
the pulse width and timing of each of the plurality of pre- 
heating signals are changed in dependence upon the 
value from the temperature sensor 31 5 and, at the same 
time, preheating signals are applied from the plurality of 
preheating pulse terminals 107a— 107h in such a man- 
ner that the amount of ink discharged will vary under 
fixed temperature conditions. Thus, if a selection is 
made to deal with a factor other than temperature, 
namely a change in the amount of ink discharge of each 
nozzle, the amount of ink discharge can be rendered 
constant to eliminate unevenness and blurring. One of 
the plurality of preheating pulses thus entered is select- 
ed in dependence upon selection data saved in advance 
in the preheat selection logic block (latch) 102. Next, an 
AND signal between the image data and heating signal 
is OR-ed with a selected preheating pulse by the OR 
gate 103, and the resulting signal drives a power tran- 
sistor 302, thereby passing an electric current through 
the heater 1010 to discharge ink. 

Shown in Fig. 7 are an input signal input terminal 
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104, a clock input terminal 105, a latch signal input ter- 
minal 307, a ground terminal 310, a power-supply volt- 
age input terminal 311 for heating purposes, an output 
terminal 312 for heating-resistor monitoring data, and 

5 an output terminal 31 3 for data indicating the tempera- 
ture inside the printhead. 

Reference will be had to Fig. 8 to describe the con- 
struction of a multiple-nozzle head constituted by a plu- 
rality of the heater boards 1 000 arranged in a row. There 

10 are m-number of boards in the row and a total of n- 
number of nozzles. The description will focus on nozzles 
1, 100 of board 1 and nozzle 150 of board 2. 

As shown in Fig. 9, assume that the amounts of ink 
discharged by nozzles 1, 100 and 150 are 36 pi, 40 pi 

is and 40 pi, respectively, at application of a constant pulse 
width at a constant temperature. In such case, selection 
data having a level such that the amount of ink dis- 
charged will be greater for nozzle 1 than for nozzles 1 00, 
150 is set in the selection-data saving latch. Since it is 

20 known from resistance sensors 1 , 2 that 200 il is the 
heating-resistance value of board 1 and that 210 Q is 
the heating-resistance value of board 2, as shown in Fig. 
9, the pulse width applied to board 2 is made largerthan 
that applied to board 1 so that the introduced power will 

25 be rendered uniform. Fig. 9 illustrates driving current 
waveforms applied under these conditions. It will be un- 
derstood that the preheating pulse of nozzle 1 which dis- 
charges a small amount of ink has a pulse width larger 
than that of the preheating pulses for nozzles 100 and 

30 1 50 (t1 <t2). Further, the heating pulse width t4 is larger 
than t3 (t4>t3). In Fig. 9, t5 represents the pulse width 
for minimum power needed to foam the ink and cause 
the ink droplets to be discharged from the nozzles. The 
following relationships hold: t1, t2<t5 and t3 ; t4>t5. 

35 Thus, the preheating pulses are changed under 
conditions in which the relations t1 <t2; t1 , t2<t5 hold with 
respect to a change in the temperature of the board dur- 
ing drive. As a result, the amount of ink discharged from 
each nozzle during actual drive can be made 40 pi at all 

40 times. This makes it possible to achieve high-quality 
printing without unevenness and blurring. Furthermore, 
with regard to the heating pulses exhibiting a high pow- 
er, the pulse width is adjusted in dependence upon the 
resistance value of the board, whereby a constant pow- 

45 er is applied without waste. This contributes to a longer 
service life for the printhead. 

An apparatus'and method for correcting the print- 
head constructed as sel forth above will now be de- 
scribed. 

50 Fig. 10 is a block diagram schematically showing 
an apparatus for correcting a printhead. 

This apparatus manufactures and corrects a full- 
line printhead unit of the kind shown in Fig. 3 using n- 
number of printing elements (to which the heater boards 

55 1000 in Fig. 3 correspond) of circuit boards manufac- 
tured using a well-known semiconductor manufacturing 
process. 

First, a base plate 3000 on which n-number of heat- 
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er boards 1000 in Fig. 3 are arrayed in a line is manu- 
factured by a board arraying unit 9010. Meanwhile, a 
member forming unit 9020 manufactures the grooved 
member 2000, which is formed to include a common liq- 
uid chamber and nozzles for each of the printing ele- 
ments of the ink-jet printhead. Further, the diameters of 
the nozzle holes formed are measured by a nozzle-hole 
area measuring unit 9030, whereby the areas of the noz- 
zles are determined. 

Next, the manufactured base plate 3000 and the 
grooved member 2000 are bonded together by a board 
bonding unit 9040, whereby a printhead unit is manu- 
factured. The printhead unit thus manufactured has its 
electrical characteristics measured by an electrical- 
characteristic measuring unit 9050. The quality of the 
printhead unit is thus managed. Furthermore, the print- 
head unit whose electrical characteristics have thus 
been measured is made to actually perform a printing 
operation at a printing inspection unit 9060, whereby the 
printing quality of the unit is inspected. 

In the printhead manufactured by the apparatus 
constructed as set forth above, the physical character- 
istics of the various components of the apparatus have 
a direct or indirect influence upon a deviation in the print- 
ing characteristics of the printhead. The characterizing 
physical quantities are measured and monitored at each 
of the manufacturing steps executed by the components 
of the apparatus, and signals representing these phys- 
ical quantities are transferred to a CPU 9100. This 
makes it possible to correct the manufactured printhead. 

By way of example, 128 ink discharge heaters 
(printing elements) are arrayed per board, and n- 
number of the heater boards (HBO) on which a logic cir- 
cuit for driving and controlling these printing elements 
has been packaged are arrayed at the board arraying 
unit 9010. The absolute precision with which the heater 
boards are arranged is a problem at the board arraying 
unit 9010. As shown in Fig. 11, the problem includes a 
step (Fig. 11 A) at the adjoining portions of mutually ad- 
jacent heater boards, a step (Fig. 11 B) at the front faces 
of the heater boards, and a deviation (Fig. 11C) in the 
pitch of the printing elements. Further, a variation in the 
thicknesses of the heater boards (HBO) manufactured 
at the semiconductor manufacturing step also results in 
a difference in the ink discharge characteristics brought 
about by a variation in the height of the nozzles at the 
time of nozzle connection. Such physical quantities are 
measured by a monitoring unit 9011, the items meas- 
ured are weighted in accordance with a degree of im- 
portance, which is a factor in ink discharge performance, 
and the results are outputted to the CPU 9100. 

The common liquid chamber and nozzles for each 
printing element are formed by the member forming ma- 
chining unit 9020. In the case of a full-line printhead, 
however, the grooves of the nozzles over one line can- 
not be formed at one time and, hence, sub-divided (ar- 
ea-divided) machining is performed. A physical fluctua- 
tion such as in the diameters of the nozzle holes pro- 
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duced at the time of sub-divided machining is outputted 
to the CPU 9100 while being monitored and totalized by 
a monitoring unit 9021. As shown in Fig. 12, the moni- 
tored and totalized physical quantities include a devia- 

s tion (Fig. 12A) in the pitch of the nozzle grooves and a 
variation (Fig. 12B) in the depth of the grooves. As 
shown in Fig. 13A, nozzle cross-section area and hole 
shape (Fig. 13B), which have a major influence upon 
the amount of ink discharged, are measured by the noz- 

io zle-hold area measuring unit 9030 based upon the di- 
ameter of the nozzle hole at the same time that the noz- 
zle holes are machined, and this data is outputted to the 
CPU 9100. 

The member bonding unit 9040 bonds the heater 

is boards (HBO) and top board together while referring to 
data resulting from monitoring by the board arraying unit 
901 0 and member forming unit 9020 and fed back from 
the CPU 9100. Thus, various items of information relat- 
ing to quality from earlier process steps are reflected in 

20 latter process steps. Here also an offset in the positions 
of the nozzles relative to the heater board (HBO) has a 
major influence upon the amount of ink discharged and 
therefore the offset is totalized by the monitor 901 4 and 
transferred to the CPU 9100. The reason for this is as 

2S follows: When the printing elements and nozzles shift in 
the direction in which the heater boards are arrayed, as 
shown in Fig. 14A, the amount of ink foaming diminishes 
and the amount of ink discharged is reduced. On the 
other hand, when the shift occurs in the direction in 

30 which the ink is discharged, as shown in Fig. 14B, the 
distance between the ink orifices and the heater board 
changes and, hence, so does the amount of ink dis- 
charged. 

The electrical-characteristic measuring unit 9050 

35 verifies the electrical connections of each of the heaters 
on the heater board (HBO) by means of a circuit of the 
kind shown in Fig. 15 using wire bonding, thereby ac- 
quiring the resistance value of each heater. A variation 
in each resistance value can be determined from the re- 

40 sistance values by the monitoring unit 9051 . Electric cur- 
rent with respect to an identical applied voltage can be 
determined from the resistance value of each electro- 
thermal transducer, and data necessary for control to 
generate the same thermal energy from each printing 

45 element is supplied. 

Finally, the manufactured printhead is made to ac- 
tually perform printing operation on a recording medium 
such as recording paper at the printing inspection unit 
9060, the printing is read by a CCD scanner (not shown) 

50 or the like, density indicative of the actually printed den- 
sity obtained from the reading operation is monitored by 
a monitoring unit 9061 and the monitored data is out- 
putted to the CPU 9100. 

All of the information thus obtained is digitized and 

55 the digitized data is edited and processed by the CPU 
9100. 

On the basis of the information obtained, correction 
data for correcting unevenness in the printing density of 
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each printing element is generated by the CPU 9100. 
With regard to the generation of the correction data : the 
data obtained is weighted in accordance with the mag- 
nitude of its influence upon the amount of ink dis- 
charged, the weighted values are totaled for each print- 
ing element and the total value is adopted as the cor- 
rection data. 

Meanwhile, the control circuit of the printer adjusts 
the preheating pulse width or main heating pulse width, 
as shown in Fig. 9, and performs control in such a man- 
ner that the amounts of ink discharged from the nozzles 
of the printhead are equalized. Note that the values of 
the above-mentioned correction data may be divided 
into stages in dependence upon the number of stages 
in which the above-mentioned adjustment can be car- 
ried out. For example, if control is capable in four stages, 
then the correction data obtained can be classified into 
four stages and new representative values correspond- 
ing to these classes of correction data can be applied. 

The correction data or the representative values 
thereof thus obtained are written in an EEPROM, which 
is incorporated within the printhead, at the final manu- 
facturing stage of the printhead by the CPU 9100, as 
shown in Fig. 10, thereby saving the data inside the 
printhead. Then, when a printer on which the printhead 
has been mounted performs an actual printing opera- 
tion, the correction data can be used by being read out 
of the EEPROM. The capacity of the EEPROM need 
only be on ihe order of four times the N-number of print- 
ing elements, even in a case where the variation in the 
electrical characteristics is corrected every printing ele- 
ment. Such a capacity allows the data necessary for 
16-stage printing control to be stored. 

Thus, in accordance with this embodiment, physical 
quantities that influence the amount of ink discharge are 
obtained at each step of the printhead manufacturing 
process, and are monitored per each printing element. 
Furthermore, the physical quantities are weighted de- 
pending upon the degree of influence they exert upon 
the amount of ink discharge, the degree of influence is 
quantified and correction data can be generated, for 
each printing element, from the resulting quantified da- 
ta. Furthermore, since the correction data obtained is 
stored in the EEPROM incorporated in the printhead, 
printing control utilizing this correction data can be per- 
formed when a printer using this printhead carried out 
printing. This makes it possible to achieve an output of 
a high-quality image that is free of density unevenness. 

In the foregoing description, an example has been 
cited in which the correction data is stored in the EEP- 
ROM in the final stage of printhead manufacture. How- 
ever, the correction processing may be adapted in such 
a manner that the correction data in the EEPROM is re- 
written at each manufacturing process. 

Furthermore, in a case where representative values 
of the correction data are generated, it goes without say- 
ing that the number of stages of control is not limited to 
that of the example described above. 


In the description given above, monitoring units are 
provided in all five of the manufacturing processes. 
However, depending upon disparities in manufacture 
and influence upon the printing characteristic, it will suf- 

5 fice to provide at least one monitoring unit. Further, the 
selection of preheating pulses on a board has been de- 
scribed above. However, this does not impose a limita- 
tion upon the invention. For example, a density correc- 
tion may be performed by changing the width of the main 

to heating pulses using a counter or the like. 

Furthermore, it goes without saying that the present 
invention may be applied to effect a density correction 
if the board is such that control of the driving power of 
each printing element is possible. The same density cor- 

15 rection can be performed even if the printhead has a 
construction different from that described. 

In the description given above, it is described that 
the control unit on the side of the printer controls the 
printing operation of the printhead on the basis of cor- 

20 rection data that has been stored in a memory within the 
printhead. However, an arrangement may be adopted 
in which such a control unit is provided within the print- 
head. 

It goes without saying that equivalent effects are ob- 

25 tained even if there is a difference in the method of set- 
ting the driving power of each of the printing elements 
of the printhead. 

Each of the embodiments described above has ex- 
emplified a printer, which comprises means (e.g., an 

30 electrothermal transducer, laser beam generator, and 
the like) for generating heat energy as energy utilized 
upon execution of ink discharge, and causes a change 
in state of an ink by the heat energy, among the ink-jet 
printers. According to this ink-jet printer and printing 

35 method, a high-density, high-precision printing opera- 
tion can be attained. 

As the typical arrangement and principle of the ink- 
jet printing system, one practiced by use of the basic 
principle disclosed in, for example, U.S. Patent Nos. 

40 4,723,129 and 4,740,796 is preferable. The above sys- 
tem is applicable to either one of so-called an on-de- 
mand type and a continuous type. Particularly, in the 
case of the on-demand type, the system is effective be- 
cause, by applying at least one driving signal which cor- 

45 responds to printing information and gives a rapid tem- 
perature rise exceeding film boiling, to each of electro- 
thermal transducers arranged in correspondence with a 
sheet or liquid channels holding a liquid (ink), heat en- 
ergy is generated by the electrothermal transducer to 

50 effect film boiling on the heat acting surface of the print- 
head, and consequently, a bubble can be formed in the 
liquid (ink) in one-to-one correspondence with the driv- 
ing signal. By discharging the liquid (ink) through a dis- 
charge opening by growth and shrinkage of the bubble, 

55 at least one droplet is formed. If the driving signal is ap- 
plied as a pulse signal, the growth and shrinkage of the 
bubble can be attained instantly and adequately to 
achieve discharge of the liquid (ink) with the particularly 
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high response characteristics. 

As the pulse driving signal, signals disclosed in U. 
S. Patent Nos. 4,463,359 and 4,345,262 are suitable. 
Note that further excellent printing can be performed by 
using the conditions described in U.S. Patent No. 5 
4,313,124 of the invention which relates to the temper- 
ature rise rate of the heat acting surface. 

As an arrangement of the printhead, in addition to 
the arrangement as a combination of discharge nozzles, 
liquid channels, and electrothermal transducers (linear 
liquid channels or right angle liquid channels) as dis- 
closed in the above specifications, the arrangement us- 
ing U.S. Patent Nos. 4,558,333 and 4,459,600. which 
disclose the arrangement having a heat acting portion 
arranged in a flexed region is also included in the 
present invention. In addition, the present invention can 
be effectively applied to an arrangement based on Jap- 
anese Patent Laid-Open No. 59-123670 which disclos- 
es the arrangement using a slot common to a plurality 
of electrothermal transducers as a discharge portion of 
the electrothermal transducers, or Japanese Patent 
Laid-Open No. 59-138461 which discloses the arrange- 
ment having an opening for absorbing a pressure wave 
of heat energy in correspondence with a discharge por- 
tion. 

Furthermore, as a full line type printhead having a 
length corresponding to the width of a maximum printing 
medium which can be printed by the printer, either the 
arrangement which satisfies the full-line length by com- 
bining a plurality of printheads as disclosed in the above 
specification or the arrangement as a single printhead 
obtained by forming printheads integrally can be used. 

In addition, not only an exchangeable chip type 
printhead, which can be electrically connected to the ap- 
paratus main unit and can receive an ink from the ap- 
paratus main unit upon being mounted on the apparatus 
main unit but also a cartridge type printhead in which an 
ink tank is integrally arranged on the printhead itself can 
be applicable to the present invention. 

It is preferable to add recovery means for the print- 
head, preliminary auxiliary means, and the like provided 
as an arrangement of the printer of the present invention 
since the printing operation can be further stabilized. Ex- 
amples of such means include, for the printhead, cap- 
ping means, cleaning means, pressurization or suction 
means, and preliminary heating means using electro- 
thermal transducers, another heating element, or a 
combination thereof. It is also effective for stable printing 
to provide a preliminary discharge mode which performs 
discharge independently of printing. 

Furthermore, as a printing mode of the printer, not 
only a printing mode using only a primary color such as 
black or the like, but also at least one of a multicolor 
mode using a plurality of different colors or a full-color 
mode achieved by color mixing can be implemented in 
the printer either by using an integrated printhead or by 
combining a plurality of printheads. 

Moreover, in each of the above-mentioned embod- 


18 

iments of the present invention, it is assumed that the 
ink is a liquid. Alternatively, the present invention may 
employ an ink which is solid at room temperature or less 
and softens or liquefies at room temperature, or an ink 
which liquefies upon application of a use printing signal, 
since it is a general practice to perform temperature con- 
trol of the ink itself within a range from 30°C to 70°C in 
the ink-jet system, so that the ink viscosity can fall within 
a stable discharge range. 

In addition, in order to prevent a temperature rise 
caused by heat energy by positively utilizing it as energy 
for causing a change in state of the ink from a solid state 
to a liquid state, or to prevent evaporation of the ink, an 
ink which is solid in a non-use state and liquefies upon 
heating may be used. In any case, an ink which liquefies 
upon application of heat energy according to a printing 
signal and is discharged in a liquid state, an ink which 
begins to solidify when it reaches a printing medium, or 
the like, is applicable to the present invention. In this 
case, an ink may be situated opposite electrothermal 
transducers while being held in a liquid or solid state in 
recess portions of a porous sheet or through holes, as 
described in Japanese Patent Laid-Open No. 54-56847 
or 60-71260. In the present invention, the above-men- 
tioned film boiling system is most effective for the above- 
mentioned inks. 

In addition, the ink-jet printer of the present inven- 
tion may be used in the form of a copying machine com- 
bined with a reader, and the like, or a facsimile appara- 
tus having a transmission/reception function in addition 
to an image output terminal of an information processing 
equipment such as a computer. 

The present invention can be applied to a system 
constituted by a plurality of devices, or to an apparatus 
comprising a single device. Furthermore, it goes without 
saying that the invention is applicable also to a case 
where the object of the invention is attained by supplying 
a program to a system or apparatus. 

As many apparently widely different embodiments 
of the present invention can be made without departing 
from the spirit and scope thereof, it is to be understood 
that the invention is not limited to the specific embodi- 
ments thereof except as defined in the appended 
claims. 


Claims 

1 . An apparatus for correcting a printing characteristic 
of a printhead having memory means for storing 
data, said printhead being manufactured by array- 
ing means for arraying and connecting N-number 
of circuit boards, each of which has M-number of 
printing elements in a predetermined direction, in 
said predetermined direction, machining means for 
machining a top board covering the MXN- number 
of printing elements connected by said arraying 
means, and bonding means for bonding the 


15 


20 


25 


30 


35 


40 


45 


50 


10 


19 


EP0 709 213 A2 


20 


2. 


machined top board and the connected M X N - 
number of printing elements, said apparatus com- 
prising: 

measuring means for measuring electrical 
characteristics of the M x N - number of printing 
elements, of a unit of the printhead, bonded by 
said bonding means; 

inspecting means for driving the unit of the 
printhead to experimentally print a test pattern 
on a recording medium, reading the printed test 
pattern and inspecting unevenness in printing 
performed by each of the M x N - number of 
printing elements; 

monitor means for monitoring an offset in the 
connections made by said arraying means, a 
variation in the machining of the top board by 
said machining means, an offset in the bonding 
performed by said bonding means, a deviation 
in the electrical characteristics of the M X N - 
number of printing elements measured by said 
measuring means, and unevenness in printing 
performed by the M x N - number of printing 
elements inspected by said inspecting means; 
correction-data generating means for quantify- 
ing the factors monitored by said monitor 
means, summing the quantified factors upon 
weighting them while taking into account the 
magnitude of their influence upon printing qual- 
ity of the printhead, and, on the basis of the sum 
obtained, generating correction data for cor- 
recting printing unevenness of each of the M x 
N - number of printing elements; and 
writing means for writing the correction data in 
said memory means of the printhead. 

The apparatus according to claim 1 , wherein the off- 
set in connections made by said arraying means 
includes a connection offset in two directions at right 
angles to the direction in which the circuit boards 
are arrayed, and a deviation in pitch between the M 
x N - number of printing elements. 

The apparatus according to claim 1 , wherein said 
printhead performs printing by discharging ink from 
the M x N - number of printing elements, and 

said machining means forms M X N - number 
of nozzles for discharging ink in correspond- 
ence with respective ones of the M x N - 
number of printing elements in the top board. 

The apparatus according to claim 3, wherein the 
two directions at right angles to the direction in 
which the circuit boards are arrayed include a direc- 
tion in which the ink is discharged and a direction 
at right angles to both the direction in which the cir- 
cuit boards are arrayed and the direction in which 
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the ink is discharged. 

5. The apparatus according to claim 3, wherein the 
variation in the machining of the top board by said 
machining means includes a deviation in pitch 
between the M x N - number of nozzles, a variation 
in nozzle diameter of the M x N - number of nozzles 
and a variation in shape of the M X N - number of 
nozzles. 

6. The apparatus according to claim 5, wherein the 
variation in the machining of the top board by said 
machining means further includes a variation in 
depth of grooves of the M X N - number of nozzles. 

7. The apparatus according to claim 5, wherein the off- 
set in the bonding performed by said bonding 
means includes bonding offset between printing 
elements and nozzles in the direction in which the 
M x N - number of printing elements are arrayed 
and bonding offset between printing elements and 
nozzles in a direction in which ink is discharged. 

8. The apparatus according to claim 1 , wherein each 
of the M x N - number of printing elements has an 
electrothermal transducer, and the deviation in the 
electrical characteristics of the M X N - number of 
printing elements measured by said measuring 
means includes a resistance value of the electro- 
thermal transducer. 

9. The apparatus according to claim 1 , wherein said 
correction-data generating means modifies the 
value of the correction data, upon taking into 
account printing control characteristics of a printer 
using the corrected printhead, in such a manner that 
printing control in the printer is rendered easier to 
execute. 

10. The apparatus according to claim 1, wherein said 
correction-data generating means includes an 
arithmetic circuit for performing the weighted sum- 
ming. 

45 11. a printhead correction by the apparatus claimed in 
claim 1. 

12. The printhead according to claim 11 , comprising: 
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13. 


input means for externally entering printing 
data; and 

drive means for driving a plurality of printing 
elements based upon the printing data entered 
by said input means. 

The printhead according to claim 11 , wherein said 
memory means includes an EEPROM. 
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14. The printhead according to claim 11, wherein said 
printhead is an ink-jet printhead which performs 
printing by discharging ink. 

15. The printhead according to claim 11, wherein said 
printhead discharges ink by utilizing thermal 
energy, said printhead having a thermal energy 
transducer for generating thermal energy applied to 
the ink. 

16. A printer using the printhead claimed in claim 11, 
comprising: 

receiving means for receiving the correction 
data from the printhead; 

control means which, on the basis of the cor- 
rection data, generates a control signal lor con- 
trolling operation of said drive means in such a 
manner that the plurality of printing elements 
form uniform pixels; and 

tiansmitting means for transmitting the control 
signal to the printhead. 

17. The printer according to claim 16, wherein said 
printhead is an ink-jet recording head which per- 
forms printing by discharging ink. 

18. The printer according to claim 16, wherein said 
printhead discharges ink by utilizing thermal 
energy, said printhead having a thermal energy 
transducer for generating thermal energy applied to 
the ink 

1 9. An apparatus for correcting a printing characteristic 
of a printhead having a memory for storing data., the 
printhead being manufactured by arraying and con- 
necting N-number of circuit boards, each of which 
has M-number of printing elements in a predeter- 
mined direction, in the predetermined direction, 
machining a top board covering the connected M x 
N - number of printing elements, and bonding the 
machined top board and the connected M x N - 
number of printing elements, said apparatus com- 
prising: 

monitor means for monitoring at least one of an 
offset in the circuit boards, a variation in the 
machining of the top board, an offset in the 
bonding of the printing elements and the top 
board, a deviation in the electrical characteris- 
tics of the M x N - number of printing elements, 
and unevenness in printing performed by the M 
X N - number of printing elements; 
correction-data generating means for quantify- 
ing at least one of the factors monitored by said 
monitor means, summing the at least one quan- 
tified factor upon weighting it while taking into 
account the magnitude of its influence upon 
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printing quality of the printhead, and, on the 
basis of the sum obtained, generating correc- 
tion data for correcting printing unevenness of 
each of the M x N - number of printing ele- 
ments; and 

writing means for writing the correction data in 
the memory of the printhead. 

20. A method of correcting a printing characteristic of a 
manufactured printhead having N-number of circuit 
boards, each of which has M-number of printing ele- 
ments in a predetermined direction, arrayed in the 
predetermined direction, and a memory for storing 
information, said method comprising: 

an arraying step of arraying and connecting the 
N-number of circuit boards; 
a machining step of machining a top board cov- 
ering M x N - number of printing elements con- 
nected in said arraying step; 
a bonding step of bonding the machined top 
board and the connected M x N - number of 
printing elements; 

a measuring step of measuring electrical char- 
acteristics of the M X N - number of printing 
elements, of a unit of the printhead, bonded in 
said bonding step; 

an inspecting step of driving the unit of the print- 
head to experimentally print a test pattern on a 
recording medium, reading the printed test pat- 
tern and inspecting a variation in printing per- 
formed by each of the M x N - number of print- 
ing elements; 

a monitoring step of monitoring an offset in the 
connections made in said arraying step, a var- 
iation in the machining of the top board in said 
machining step, an offset in the bonding per- 
formed in said bonding step, a deviation in the 
electrical characteristics of the M x N - number 
of printing elements measured in said measur- 
ing step, and unevenness in printing performed 
by the M x N - number of printing elements 
inspected in said inspecting step; 
a correction-data generating step of quantifying 
the factors monitored in said monitor step, sum- 
ming the quantified factors upon weighting 
them while taking into account the magnitude 
of their influence upon printing quality of the 
printhead, and, on the basis of the sum 
obtained, generating correction data for cor- 
recting printing unevenness of each of the M x 
N - number of printing elements; and 
a writing step of writing the correction data in 
the memory of the printhead. 

21. The method according to claim 20, wherein in said 
correction-data generating step, the value of the 
correction data is modified, upon taking into 
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account printing control characteristics of a printer 
using the corrected printhead, in such a manner that 
the printing control in the printer is rendered easier 
to execute. 

5 

22. A method of correcting a printing characteristic of a 
printhead having memory means capable of storing 
data, the printhead being manufactured by arraying 
and connecting N-number of circuit boards, each of 
which has M-number of printing elements in a pre- 10 
determined direction, in the predetermined direc- 
tion machining a top board covering the connected 

M x N - number of printing elements, and bonding 
the machined top board and the connected M x N 
- number of printing elements, the method compris- is 
tng 

a monitoring step of monitoring at least one of 
an offset in the circuit boards, a variation in the 
machining of the top board, an offset in the 20 
bonding of the printing elements and the top 
board, a deviation in the electrical characteris- 
tics of the M x N - number of printing elements, 
and unevenness in printing performed by the M 
x N - number of printing elements; 25 
a correction-data generating step of quantifying 
at least one of the factors monitored in said 
monitor step, summing the at least one quanti- 
fied factor upon weighting it while taking into 
account the magnitude of its influence upon 30 
printing quality of the printhead, and, on the 
basis of the sum obtained, generating correc- 
tion data for correcting printing unevenness of 
each of the M x N - number of printing ele- 
ments: and 35 
a writing step of writing the correction data in 
the memory means of the printhead. 

23. An apparatus or process for correctingor calibrating 

a printing characteristic of a printhead formed by an *o 
assembly of printhead components, wherein cor- 
rection or calibration data for the printhead are gen- 
erated to compensate for, for example, any manu- 
facturing or assembly misalignments or other vari- 
ations and/or for any variations in electrical and/or *s 
mechanical characteristics of printing elements of 
the printhead. 

24. A printhead, printing apparatus or control apparatus 

for a printhead provided with calibration or correc- so 
tion data using an apparatus or process in accord- 
ance with claim 23. 
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(57) Disclosed are a method and apparatus for cor- 
recting a full-line printhead (IJH), which has a high print- 
ing quality, at a high yield as well as a printhead cor- 
rected by this apparatus and a printer using this print- 
head (IJH). Monitoring units are provided to monitor an 
offset in connections of heater boards (1 000) connected 
by board arraying unit, a variation in the diameters, 
grooves and shapes of nozzles formed by a top-board 
machining unit which machines the top board, an offset 
in bonding between a base plate (3000) and the top 
board performed by a top-board bonding unit, a variation 
in the resistance value of each printing element meas- 
ured by an electrical-characteristic measuring unit 
(9050), an unevenness of pixels printed by each of the 
printing elements inspected by a print inspection unit. 
Correction data is generated upon taking into account 
the degree of influence which these factors exert upon 
the printhead (IJH), and the correction data is written in 
an EE PROM provided within the printhead (IJH). 
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